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Different orientations of α-clustered carbon nuclei colliding with heavy ions can result in a large
variation in the value of anisotropic flow. Thus, photon flow observables from clustered 12C and
197Au collisions could be a potential probe to study the ‘direct photon puzzle’. We calculate the
transverse momentum spectra and anisotropic flow coefficients (vn) of thermal photons from colli-
sions of triangular α-clustered carbon and gold at
√
sNN = 200 GeV at RHIC using a hydrodynamic
model framework and compare the results with those obtained from unclustered carbon and gold
collisions. The slope of the thermal photon spectra is found to vary significantly for different ori-
entations of collisions. We find that the elliptic (v2) and triangular flow (v3) coefficients of thermal
photons for specific configurations are significantly large, which are predominantly formed by the
QGP radiation. A strong anti-correlation between initial spatial ellipticity and triangularity is
observed in an event-by-event framework of α-clustered C + Au collisions. These special features
provide us an opportunity to detect the exotic nature of cluster structure inside carbon nucleus
using the photon probe in the future experiments.
I. INTRODUCTION
The experimental study of relativistic heavy-ion colli-
sions provides a strong evidence of the formation of hot
and dense Quark-Gluon Plasma (QGP) state of matter
at the center of the collision zone [1–4]. The relativis-
tic hydrodynamic models present a satisfactory descrip-
tion of fireball evolution as the copious production and
large harmonic flow of hadrons have been successfully
explained by these frameworks [5–18]. The past studies
have shown that nuclear deformation can be investigated
from the anisotropic flow of produced hadrons at inter-
mediate and high collision energies [19–22]. The nuclear
collisions at such energies provide us a unique way to in-
vestigate the intrinsic substructure of nuclei as the time
during which the participating nuclei pass through each
other is too small for any slower nuclear excitation to
occur and thus one can obtain a projection of overlying
nuclear distributions on the fireball.
For example, the small systems, such as p + p and
p + A have gathered much attention for producing
anisotropic flow coefficients comparable to the periph-
eral heavy ion collisions in recent times [23]. The mea-
surements of p + Au, d + Au, and 3He + Au collisions
at 200A GeV have clearly shown the footprints of ini-
tial geometries (initial ellipticity and triangularity) on
the anisotropic flow coefficients [24]. The successful hy-
drodynamical description of those data has strongly sug-
gested that the initial nucleon-level geometries have been
transferred into the momentum anisotropies through hy-
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drodynamical evolution of small droplets of the QGP in
these small systems.
An analogous initial geometry effect of nuclei is also
found to be present in the intermediate energy heavy-ion
collisions however at a cluster level [25, 26]. A few re-
cent articles have argued that the geometric α-clustering
structure of light nuclei can be realized in the realm of
relativistic collisions [27–29]. Gamow first proposed the
possibility of clustered states in light nuclei [30]. The
identification of the fusion reaction mechanism for car-
bon production has led to the discovery of the clus-
tered states [31, 32]. However, many theoretical mod-
els such as no-core shell model [33], fermionic molecu-
lar dynamics [34], the variational Greens function [35],
Bose-Einstein Condensate (BEC) [36–38], etc. have not
been successful in explaining such clustered structures of
nuclei. The α-clustering inside a light nucleus produces
nuclear deformity and spatial correlations between clus-
ters. It has been suggested that α-clustering configura-
tions can be identified by giant dipole resonance [39, 40]
or photonuclear reactions [41–43]. The strategy of inves-
tigating initial nucleon-level geometry via measuring flow
in a relativistic heavy-ion collision has a great potential
to identify the geometric structures of clustered nuclei
[27, 29, 44, 45].
On the other hand, the direct photons are considered
as one of the cleanest probes to study the properties of
hot and dense QGP state of matter [46–60]. The thermal
photon spectra obtained from the hydrodynamical model
evolution combined with the prompt photon contribu-
tion from initial partonic hard scatterings have satisfacto-
rily described the measured direct photon spectra in the
range pT > 2 GeV in heavy-ion collisions at both Rela-
tivistic Heavy Ion Collider (RHIC) and the Large Hadron
Collider (LHC). The theoretical calculation of spectra in
the region pT < 2 GeV, although, has been found to
underestimate the data where the contribution from the
2hadronic phase is significant. The anisotropic flow of
direct photons is believed to have more potential com-
pared to charged hadrons in illustrating the anisotropy
of the initial state. However, the hydrodynamic model
calculations of photon production failed to describe the
elliptic and triangular flow data at RHIC and LHC by
a large margin, which has been addressed as the “direct
photon puzzle” [61, 62]. Several studies using a more re-
alistic hydrodynamic framework, initial conditions, and
the pre-equilibrium flow have shown improvements in the
theoretical prediction but could not resolve the puzzle
yet [63–65]. Some recent studies have shown that the
spectra and anisotropic flow coefficients of photons (i.e.,
v1, v2, v3) from different collision systems and their simul-
taneous comparison could be valuable to understand the
sources of the puzzle [66–68].
In the present article, we aim to study the intrinsic
geometry of the α-clustered C nucleus using the photon
probe. We calculate the spectra and anisotropic flow
coefficients vn(n = 2, 3) of thermal photons in (2+1) di-
mensional inviscid hydrodynamic framework from the α-
clustered C + Au collisions at the center-of-mass energy√
sNN=200 GeV. The same set of observables from the
unclustered C + Au collisions (see Section II) is also cal-
culated for comparison.
This paper is organized as follows. In the next section,
we briefly discuss the initial parameters and the frame-
work for the model calculation. In section III we present
how initial spatial anisotropies εn and the momentum
anisotropies of thermal photons vn are calculated. In sec-
tion IV we discuss the results of thermal photon spectra
and anisotropic flow coefficients and finally, we summa-
rize our results in section V.
II. INITIAL CONDITION AND
HYDRODYNAMIC FRAMEWORK
In the present work, we adapt the same procedures
followed in [29] to choose the initial parameters for the
nuclear density distribution of α-clustered carbon. We
study different collision scenarios incorporating two types
of carbon nucleus in the Monte Carlo Glauber (MCG)
framework :
• α-clustered carbon: This is an equilateral trian-
gle shaped α-clustered state of carbon. It is con-
sidered as the ground state of clustered phase with
binding energy 7.17 MeV/nucleon. There exists an-
other possible excited state of the clustered struc-
ture, a chain-like structure of 3 alpha particles with
binding energy 7.47MeV/nucleon. However, in this
article, we emphasize only on the triangle shaped
carbon. We use a parametric form of nucleon distri-
bution function for each α cluster [29] and centers
of such three α clusters are placed on the vertices
of an equilateral triangle. The parameters are fixed
in such a manner that one-body radial density dis-
tribution of the center of nucleons obeys the results
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FIG. 1: A schematic of collisions of the α-clustered carbon
with a gold nucleus. The different orientations of clustered-
carbon at the time of impact lead to different initial geome-
tries (left). The triangular and line geometry appear when
clustered carbon hits the gold wall with an angle 0 and pi/2
respectively (right). The angle is measured between the beam
axis (z-axis) and the perpendicular axis of the triangular car-
bon nucleus in z − y plane.
of the BEC model [38]. The distribution of nucle-
ons in each cluster is expressed through a Gaussian
function as follows :
fi(~r) = A exp
(
−3
2
(~r − ~ci)2/r2α
)
, (1)
where, ~ci represents the center of the i
th cluster.
rα determines the mean radius of each cluster. We
generate positions of nucleons in each alpha cluster
from the above distribution function and then shift
three of such clusters to the vertices of a triangle
of length l. The short distance repulsion of nu-
cleons is also an essential criterion for light nuclei,
where the distance between two centers of an N-N
pair cannot be less than 0.9 fm [29]. The nucleonic
positions are finally shifted to a new coordinated
system where the center-of-mass resides on the ori-
gin. The parameters l and rα in Eq.(1) are taken
as 3.05 fm and 0.96 fm respectively to match the
results from BEC model calculations [29].
• Unclustered carbon: This is a mean-field state
of C nucleus. The nuclear distribution is isotropic
for this case. A two-parameter Wood-Saxon distri-
bution of nuclear density is considered for an un-
clustered carbon where the parameters are adjusted
in such a way that the root mean square distance
of the nuclear distribution remains the same as the
clustered carbon.
To distribute the nucleons inside a gold nucleus we em-
ploy the standard two-parameter Wood-Saxon nuclear
density distribution profile. We assume that the beam
3axis is stretched along the z-direction and the impact
parameter lies along the x-direction in each event of the
collision.
The conventional two-component MCG technique is
then used to distribute initial entropy density on the
transverse plane. The criterion for a collision between
the two incoming nucleons is made as d2 < σNN
pi
, where d
is the transverse distance between the colliding nucleons
and σNN is the inelastic nucleon-nucleon cross-section
which at RHIC is about 42 mb. A participant is given a
weight of (1− ν) and a binary collision is given a weight
of ν, where ν is taken as 0.145 [29]. The entropy den-
sity distribution, s(x, y), is obtained by taking a weighted
sum over all the sources as explained in Eq.(2) below.
s(x, y) = K
Npart,Ncoll∑
i,j=1
[ ν ncoll(xi, yi)fi(x, y)
+(1− ν)npart(xj , yj) fj(x, y)], (2)
where, npart and ncoll denote the number of participant
and binary collision sources at the (x, y) position respec-
tively. K is a normalization factor which decides the to-
tal multiplicity of an event. The function fi,j(x, y) is a
normalized distribution of the following form centering
about the ith participant or jth collision source :
fi,j(x, y) =
1
2πσ2
e−
(x−xi,j)
2+(y−yi,j )
2
2σ2 . (3)
The initial entropy density profile which serves as an in-
put for our hydrodynamic calculation is obtained by tak-
ing an initial state average of 10000 events with random
nucleonic positions at impact parameter b ≈ 0 fm. We
modify the (2+1) dimensional ideal relativistic hydrody-
namic model [13] to obtain the space-time evolution of
the above initial entropy distribution at the mid-rapidity.
The initial flow velocity component, vx and vy are taken
as zero. For the sake of simplicity, we take the value of
initial thermalization time as τ0 = 0.17 fm/c which has
been used for the Au + Au collisions at RHIC [66, 69], al-
though ones may expect a larger value of initial thermal-
ization time for small systems. The constant freeze-out
temperature is taken as 160 MeV.
III. ANISOTROPIC FLOW OF THERMAL
PHOTONS
The production of thermal photons from the quark
gluon plasma phase is estimated by using the complete
next-to-leading order photon rates from Refs. [70, 71].
We use the parameterized rates from Ref. [72] to calcu-
late the photon production from the hot hadronic mat-
ter phase. The emission rates (R = EdN/d3pd4x) from
QGP and hadronic matter phases are integrated over the
space-time history to estimate the total thermal produc-
tion and anisotropic flow. The flow coefficients vn are
calculated as:
vn(pT ) =
∫ 2pi
0
dφ cos[n(φ− ψn)] dNpT dpT dydφ∫ 2pi
0
dφ dN
pT dpT dydφ
, (4)
where φ is the azimuthal angle of particle’s momentum
and the event plane angle ψn is determined by,
ψn =
1
n
arctan
∫
dxdy r2 sin (nΦ) ǫ (x, y, τ0)∫
dxdy r2 cos (nΦ) ǫ (x, y, τ0)
+π/n , (5)
where ǫ(x, y, τ0) is the energy density at an initial proper
time τ0 at (x, y) point on the transverse plane, Φ and
r are the spatial azimuthal angle and radial distance.
The corresponding initial state anisotropy εn is quanti-
fied as [66, 68, 73]:
εn = −
∫
dxdy r2 cos[n(Φ− ψn)]ǫ (x, y, τ0)∫
dxdy r2ǫ (x, y, τ0)
. (6)
IV. RESULTS AND DISCUSSIONS
A. Initial configurations
We consider three typical configurations of collisions,
i.e., θ = 0, π/4, and π/2 in this study. This can be imag-
ined as a deformed nucleus hitting a wall of a gold nucleus
at different orientation angles (see Fig. 1). Thus, the an-
gle θ = 0 describes situation where the symmetry axis is
aligned with the beam axis producing an initial triangu-
lar geometry in the deposited entropy distribution and
the highest multiplicity amongst all orientations of colli-
sion. For θ = π/2, the multiplicity is the lowest. While a
triangular geometry vanishes for such a scenario, a large
elliptic geometry appears. We consider an intermediate
situation where the symmetry axis makes an angle π/4
with the beam axis producing both the intrinsic elliptic
and triangular geometry in the deposited entropy distri-
bution.
In Fig. 2 (a), (b), and (c) the event-averaged initial en-
tropy density profile for three orientation angles 0, π/4,
and π/2 are shown respectively, while Fig. 2(d) repre-
sents the entropy profile for the unclustered carbon. We
see that the entropy density at the center of each hot
spot region for the clustered case is much larger than the
entropy density obtained at the center of the unclustered
case. In Fig. 2(a) and (b), the entropy profiles are seen to
have a triangular shape, while in Fig. 2(c) a peanut-like
structure appears with no such triangular geometry. The
triangular eccentricity (ε3) of the initial entropy density
distribution for the cases in Fig. 2(a) and (b) is 0.43 and
0.34 respectively. On the other hand, the elliptic eccen-
tricity (ε2) for the cases in Figs. 2(b) and (c) is 0.20 and
0.54 respectively, whereas ε2 is vanishingly small for the
other two cases.
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FIG. 2: (Color online) Distribution of entropy density at the formation time τ0 on transverse (x− y) plane for central (b ≈ 0
fm ) C + Au collisions at 200A GeV. The figures (a), (b), and (c) correspond to the collisions of clustered C and Au at angles
0, pi/4 and pi/2 respectively, whereas, (d) represents the initial entropy profile from collision of unclustered C and Au.
B. Evolution of temperature and flow velocity
The time evolution of average temperature 〈T 〉 and
average transverse flow velocity 〈vT 〉 for the three con-
figurations of collision for the clustered carbon and the
unclustered carbon is shown in Fig. 3(a) and (b) respec-
tively. The 〈T 〉 and 〈vT 〉 are obtained by Eq. (7) and
Eq. (8), respectively, i.e.
〈T 〉 =
∫
dxdy T (x, y, τ)ǫ (x, y, τ)∫
dxdyǫ (x, y, τ)
, (7)
〈vT 〉 =
∫
dxdy vT (x, y, τ)ǫ (x, y, τ)∫
dxdyǫ (x, y, τ)
. (8)
The initial average temperature (see Fig. 3 (a)) is found
to be largest (∼ 440 MeV) for the configuration θ = π/2
and smallest for the unclustered case (∼ 380 MeV). A
relatively smaller area of the overlapping region leads to
a larger 〈T 〉 for the configuration θ = π/2 at the initial
time. We see a almost similar time evolution of the av-
erage temperature for all the configurations. However,
the evolution of the average transverse flow velocity for
different configurations are distinct from each other (see
Fig. 3(b)). We see that 〈vT 〉 sharply rises for the clus-
tered cases, whereas the rise is relatively slower for the
unclustered case. The rise is maximum for the orienta-
tion angle π/2. During the time interval of 2 < τ < 4
fm/c, we observe a sudden jerk for the configuration
θ = 0. However, no such effect is found for θ = π/4
and π/2. The radially outward ripples, originated at the
boundary of each hotspot (see Fig. 2 (a) ), cause a flow
cancellation when they collide, which effectively reduces
the growth of the average transverse flow velocity.
C. Spectra and anisotropic flow
In Fig. 4(a), the thermal photon spectra are presented
for the clustered and unclustered C + Au collisions. The
thermal photon spectra for all the cases are found to be
almost similar in the region pT < 2 GeV. However, the
photon spectrum for the configuration θ = π/2 is seen to
dominate over other spectra in the region pT > 2 GeV.
It is shown clearly in Fig 4(b), where the ratio of photon
yields from each cluster and unclustered carbon is plot-
ted. The ratio for each case of clustered carbon is found
below one in the region pT 6 1 GeV. However, at higher
pT , the ratio for all the cluster cases tends to diverge.
The photon yield at pT = 5 GeV is almost 2, 2.4 and
3.6 times larger compared to the unclustered case for the
orientations θ = 0, π/4, and π/2 respectively. Thus high
pT photons are produced in large number for the ori-
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FIG. 3: (Color online) (a) Time evolution of average temper-
ature and (b) transverse flow velocity for different configura-
tions of clustered C and Au collisions at 200A GeV. The same
variables for the collisions of unclustered C and Au are shown
for a comparison.
entation angle π/2. The average Ncoll is almost similar
(∼ 105) for different orientation angles, which indicates
similar production of prompt photons for all the config-
urations. The Ncoll for unclustered carbon is even less
∼ 100. Therefore, the ratio of photon production at high
pT (see Fig. 4(b)) from various orientations of the colli-
sion to the unclustered case must remain similar if not
greater. We expect that the prompt photon contribution
would not change the characteristic and qualitative na-
ture of the photon observables studied here. Thus, the
differences in direct photon spectra for different configu-
rations of collision should be related to their correspond-
ing space-time evolution history of thermodynamic quan-
tities.
The elliptic and triangular flow of thermal photons as
a function of pT are presented in Fig. 4(c) and (d) respec-
tively. We see a substantially large thermal photon v3 for
the configurations θ = π/4 and θ = 0. The initial trian-
gular geometry of the entropy density profile produced in
the collision of α-clustered carbon and gold nucleus gives
rise to the triangular flow of thermal photons. As there
exists no such triangular geometry for the configuration
θ = π/2 or the unclustered case, we obtain a vanishingly
small thermal photon v3. The thermal photon v3 for the
configuration θ = π/4 is seen to be slightly larger com-
pared to the same obtained from the orientation angle
θ = 0 even though the triangular anisotropy is smaller
for the former than the latter. The reason is attributed
to the larger average transverse flow velocity during the
evolution for the configuration θ = π/4 than the same
obtained for the configuration θ = 0. On the other hand,
the elliptic flow parameter of thermal photons is found
to be vanishingly small for the configuration θ = 0 and
the unclustered case. However, the thermal photon v2
is found to be very large for the orientation angle π/2.
The initial elliptic eccentricity and the transverse flow
velocity, both play significant role in producing a large
v2 of thermal photons for the configuration θ = π/2. It
is important to note that the v2 obtained for the above
configuration is comparable to the direct photon v2 data
obtained for the mid-central Au+Au collisions at 200A
GeV at RHIC [61].
To obtain a more precise idea about the origin of the
anisotropic flow coefficients of photons, we plot the indi-
vidual contributions from the QGP and hadronic phases
to the total value of the flow coefficients in Fig 5. We
calculate the contributions of thermal photon v3 for the
clustered case with orientation angles θ = 0 and π/4 in
Fig 5(a). We find that the maximum value of v3 (at
pT ∼ 2 GeV) from the QGP phase is substantial and
close to the maximum value of the total thermal photon
v3. Hence, the response to the initial-state triangular
geometry is predominantly carried by the QGP evolu-
tion. If we compare the hadronic medium contribution
to the total thermal photon v3 for these cases, we find
that unlike the QGP photon v3, the hadronic photon v3
for the orientation θ = 0 is larger compared to the same
obtained at the orientation θ = π/4. The reason can be
understood from Fig. 2, where we see that the triangu-
lar geometry associated with the hottest region is more
prominent in Fig 2(b) compared to Fig. 2(a). Whereas,
the boundary region, which is the source of hadronic
photons, has a larger triangular geometry as shown in
Fig. 2(a) compared to Fig. 2(b). The contributions of
thermal photon v2 for the clustered case with the orien-
tation angle θ = π/2 are plotted in Fig. 5(b), and we see
a similar response. The peak value of the thermal photon
v2 from the QGP phase is found to be about 90% of the
peak value of the total thermal photon v2 and identically,
it reflects that the most of the net thermal photon v2 has
built up during the early phase of QGP evolution.
Thus, the clustered carbon and gold collisions at the
RHIC have the potential to produce considerably large
anisotropic flow parameters of photons even for the most
central events. Furthermore, the strong sensitivity of
the anisotropic flow parameters to the initial geometry
and early QGP evolution also can be valuable to under-
stand the ‘direct photon puzzle’. Our main focus in the
present calculation is only to estimate the effect of initial
geometry on the production and anisotropic flow param-
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FIG. 4: (Color online) (a) Thermal photon spectra , (b) ratio of photon yield, (c) triangular and (d) elliptic flow of thermal
photons as a function of pT from different configuration of clustered C and Au collisions at 200A GeV. The anisotropic flow
parameters of thermal photons for the collisions of unclustered C and Au are shown for a comparison.
eters of photons. A more realistic calculation, using an
event-by-event (3+1) dimensional hydrodynamic frame-
work, would be valuable to explore the role of fluctuations
and participant asymmetry on the evolution of thermo-
dynamic quantities and anisotropic flow parameters of
photons.
D. Geometry (flow) correlation
To get an idea of the experimental signature, we simu-
late a large number of clustered C+Au events with differ-
ent configurations and compare the results obtained from
the collisions of unclustered carbon. Fig. 6 shows the av-
erage orientation angle 〈θ〉 as a function of the number of
participants in the collisions of clustered carbon, where
and henceforth 〈...〉 denotes an event average. We observe
that with the increasing Npart, the average angle reduces
significantly. Thus, based on the multiplicity cut, it may
be possible to select events with various configurations.
In Fig. 7(a) we present the Npart dependence of av-
erage eccentricity and triangularity in unclustered and
α-clustered C + Au collisions at 200A GeV. We consider
the events having Npart > 40. The superscripts ‘U’ and
‘C’ stand for the unclustered and clustered carbon respec-
tively. We see that 〈εU2 〉 and 〈εU3 〉 show similar behavior
with increasing Npart. Due to vanishing geometric de-
formation and smaller fluctuations at a larger Npart, the
average eccentricity decreases. We observe a different
trend for clustered carbon. Due to the intrinsic triangu-
lar geometry of the clustered-carbon, 〈εC3 〉 increases with
Npart, whereas 〈εC2 〉 decreases. The difference becomes
substantial at larger Npart, which indicates an obvious
anti-correlation between ellipticity and triangularity ex-
ists in α-clustered C + Au collisions.
In Fig. 7(b) we plot the event density distribution
in ε2 − ε3 plane for the collisions of clustered carbon.
To quantify the anti-correlation, we define a normal-
ized symmetric cumulants coefficient NSC(n,m) as fol-
lows [74],
NSC(n,m) =
〈εn2εm2〉 − 〈εn2〉〈εm2〉
〈ε2m〉〈ε2n〉
. (9)
The NSC(2,3) is expected to be similar to the quantity
involving the anisotropic flow coefficients (v2 and v3) un-
der a linear response assumption [75, 76]. In Fig. 7(c),
we show the normalized symmetric cumulants coefficient
as function of Npart for both unclustered and α-clustered
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FIG. 5: (Color online) The QGP and hadronic phase contri-
butions of (a) thermal photon v3(pT ) for the orientation angle
θ = 0 and pi/4 (b) thermal photon v2(pT ) for the orientation
angle θ = pi/2.
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FIG. 6: (Color Online) Average orientation angle θ as a func-
tion of Npart for α-clustered C + Au collisions at 200A GeV.
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FIG. 7: (Color Online) (a) The average ellipticity and trian-
gularity as a function of Npart for α-clustered and unclustered
C+ Au collisions at 200A GeV (b) Event distribution in ε2-ε3
plane and (c) The normalized symmetric cumulants NSC(2,3)
as functions of Npart for unclustered and α-clustered cases.
The events are chosen with Npart > 40.
8cases. The negative values of coefficients signify the anti-
correlation relation between the two variables. We see a
larger anti-correlation for the clustered case compared to
the unclustered case. The coefficients for both the cases
do not show significant Npart dependence. The NSC(2,3)
for the clustered carbon is found to be three times larger
than the NSC(2,3) obtained for the unclustered carbon.
We find a small minimum of NSC(2,3) at Npart ∼ 57,
where the values of the 〈εC2 〉 and 〈εC3 〉 are close to each
other. Exploring the large anti-correlation between ellip-
ticity and triangularity (elliptic flow and triangular flow),
we can detect the α-cluster effects of carbon in C + Au
collisions. It is to be noted that some earlier studies have
explored the characteristics of the initial-state eccentric-
ities and final flow observables from the collisions of the
clustered carbon and heavy-ions at various beam energies
in the event-by-event framework [27, 29]. In principle, we
expect that the anti-correlation behavior should hold for
both photons and hadrons, since their flow observables
basically arise from the initial geometry.
V. SUMMARY
We have calculated pT spectra and differential
anisotropic flow coefficients of thermal photons for α-
clustered C and Au collisions at RHIC using a hy-
drodynamic model with the event-averaged smooth ini-
tial density distribution and compared the results with
those obtained from unclustered carbon and gold colli-
sions. Three different orientations of collision for the
α-clustered carbon have been considered which produce
notably different initial spatial ellipticities and triangu-
larities.
A significantly large production of thermal photons has
been found in the region pT > 2 GeV for the clustered
carbon compared to the unclustered C + Au collisions.
The slope of the photon spectrum, however, depends on
the orientation of collision. A larger initial temperature
for the orientation angle θ = π/2 results in more high pT
photons from the early stage of system evolution com-
pared to the other configurations. Photon v2 and v3 from
the unclustered C + Au collisions are close to zero as the
corresponding spatial anisotropies are vanishingly small
for the system. On the other hand, we see significantly
large thermal photon v2 and v3 from the configurations
θ = π/2 and θ = 0, π/4 respectively, which are large and
comparable to the experimental data of photon v2 and
v3 from the mid-central 200A GeV Au+Au collisions at
RHIC. Such a large anisotropic flow of photons would
be valuable to detect the anisotropic nuclear distribution
of C and also will help us to understand the photon vn
puzzle. We have studied the individual contributions of
the thermal photon v2 and v3 from QGP and hadronic
phases and have found that these anisotropic flow coeffi-
cients are predominantly built during the QGP evolution.
As the effect of viscosity which prolongs the evolution of
the QGP is not included here, we expect that it could
change the magnitude but not the qualitative nature of
these photon observables. A strong anti-correlation be-
tween ellipticity and triangularity is observed because of
the exotic internal structure of α-clustered carbon. With
the aid of these special features of photon spectra and
anisotropic flows, it could be a potential probe to detect
the exotic internal structure of α-clustered carbon in the
future high energy C + Au experiment.
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